Corynebacterium ulcerans and C. ovis. In addition to diphtheria toxin, lysogenic C. ulcerans and C. ovis strains each produce their own specific toxin; they also maintain their specific morphology and urease production whilst C. diphtheriae strains lysogenized by C. ulcerans phagesproduce only diphtheria toxin. The majority of C. ulcerans phages are unable to induce the production of diphtheria toxin in strains of C. ulcerans.
INTRODUCTION
The somewhat surprising capacity of strains of Corynebacterium ovis to produce diphtheria toxin as a consequence of lysogenization with a diphtheria phage has led to further investigation of some of the biological characters of the three Corynebacterium species able to produce diphtheria toxin. These species are C. diphtheriae (C.D.), C. ulcerans (C.U.) and C. ovis (C.O.) .
Earlier investigations of the characteristics of Corynebacterium ulcerans (Stgnicg et al. 1968; Maximescu, 1967; enabled us to collect a number of strains of this species during routine tests of diphtheria cases and carriers. According to many authors the differentiation between the species C. diphtheriae, C. ulcerans and C. ovis is not very precise, particularly as we found that they share some common characteristics, such as hydrolysis of cystine, sugar fermentations (according to either the gravis, the mitis or the intermedius patterns) and release of diphtheria toxin. Since we described the production of diphtheria toxin by lysogenized C. ovis strains (Maximescu, Pop, Oprigan & Potorac, 1968) it seemed important to investigate further the phage-host relationships in strains of C. ulcerans, C. ovis and C. diphtheriae in an attempt to improve the characterization of these species and their classification.
The four different aspects investigated were : (i) lysogenization ; (ii) attempts at phagetyping strains of Corynebacterium ulcerans and C. ovis with a set of C. ulcerans phages; Media. (i) For phage typing: 1-5 yo heart-brain agar (Narbutovicz, 1955) with 0.001 yo cystine and 10 % normal ox serum (Saragea & Maximescu, 1964) . (ii) For phage multiplication: heart broth with 0.001 % cystine. (iii) For production of diphtheria toxin: Pope-Linggood broth with 0.6 % maltose and I % sodium acetate (Saragea & Maximescu, 1964) ; for production of ovis and ulcerans toxin: heart broth with 0.6 % maltose and I % sodium acetate.
Toxigenicity. The presence of diphtheria toxin was demonstrated by skin tests on rabbits (Fraser, I93I), guinea-pig inoculation by the Elek agar gel diffusion method as modified by Maximescu & Drggoi (1971) , and in monkey kidney tissue culture (Calalb et al. 1965 Phage-typing of Corynebacterium ulcerans and C. ovis strains was performed by the techThroughout this paper diphtheria toxin is referred to as Di-toxin and the strains producing nique described by Saragea & Maximescu (1964) for C. d@htheriae strains.
it as Ditoxf. produced Di-toxin (and was then labelled C.O. 21,,,,DitoX+) when phage 76 was used. Ditoxin in lysogenized C. ulcerans and C. ovis cultures was detected by all four techniques described under Methods. As would be expected, considerably smaller amounts of neutralizable diphtheria toxin appearing in filtrates of Ditoxf cultures of C. ulcerans and C. ovis could be detected by assays in rabbit skin, in monkey kidney tissue cultures and in agar gel diffusion tests (see Figs. I to 3 ). Lysogenized strains of C. ulcerans and C. ovis retained their coccal morphology and ability to split urea and in addition to diphtheria toxin also produced their own specific toxins. Corynebacterium ulcerans phage ' h' induced production of Di-toxin in two C. ulcerans strains (40 and ~238). However, when the ulcerans phages ' b' and 'c' were used to lysogenize the same strains no induction of diphtheria toxin resulted. When widely phage-sensitive Corynebacterium d@htheriae strains such as 5056,-,t""-C. D. interrnedius and 1030~-,t""-C. bevanti were used, the ulcerans phages 'b' and 'h' lysogenized the strains and formed plaques. The 'b' phage, while lysogenizing, did not induce production of diphtheria toxin in strain 5056,-,t""-C.D. intermedius, but phage 'h' converted strain I 030,-?-C. bevanti to Di-toxigenicity without changing either its morphological or biochemical characteristics. Phage typing of C. ulcerans and C. ovis strains No specific pattern emerged and only few strains proved to be phage-sensitive when the standard set of diphtheria phages for typing Corynebacterium diphtheriae strains was used.
RESULTS

Ly sogeniza t ion experiments
When the set of the six ulcerans phages 'a' to 'h' together with the diphtheria phage 76 restricted in Corynebacterium ovis strain no. 21 were used on 172 C. ulcerans and 62 C. ovis strains, a provisional phage-typing scheme consisting of I 3 sensitivity patterns could be worked out (see Table 2 ). Strains from collections 20 years old were typed in this way. In man and horses some identical phage types were found (see Table 2 ).
The experiments established that: (i) All Corynebacterium ulcerans and C. ovis strains available to us could be phage-typed by this method (see Table 3 ). (ii) Only the widely phage-sensitive C. diphtheriae strains 5056,-,t""-C. D. intermedius and I 030(_,toX-C. belfanti were sensitive to ulcerans phages. All other C. diphtheriae strains tested routinely were not susceptible to ulcerans phages. (iii) Phage types Ao, IA, IIBz, IVD, IVD,, VE, VIG and VI GI occurred only in C. ulcerans strains ; phage types II Bo, 11 B1 and V1 G2 were found only in C. ovis strains; phage type IIIC was present in both C. ulcerans and C. ovis strains (see Table I ).
Mouse pathogenicity test Contrary to the findings of Zaki (1966) , in our hands only Corynebacterium ulcerans (five strains) produced arthritis in white mice. By contrast, 20 C. ovis strains administered intraperitoneally, intravenously or intracerebrally resulted in death of white mice. It was possible in this way to establish that the two strains Bov I (992) and Bov 2 (993) isolated from buffaloes in Egypt have to be regarded as C . ovis. Both these strains were found by us to be Ditoxigenic and to belong to phage type IIIC.
Epidemiological implications of phage-typing of C. ulcerans and C. ovis strains, both wild-type and collection strains
Of the I 57 wild-type Corynebacterium ulcerans strains isolated, 3 I -2 yo were Di-toxigenic and in four cases of human tonsillitis the serum level of diphtheria antitoxin of 0.2 i.u. was adequate for protection against diphtheria toxin. Most strains isolated from man occurred in carriers, mostly children in rural areas, and only rarely was a sore throat or tonsillitis present.
When the studies of Stiinicii et al. (1968) were extended it was found that 50 % of horses 
DISCUSSION
The demonstration of phage-induced diphtheria toxin production in Corynebacterium ulcerans and C. ovis raises two questions. How far is it justified to consider diphtheria toxin to be an attribute only of the diphtheria species? What importance is attached to the capacity to produce diphtheria toxin in the characterization of C.D. species?
Corynebacteriurn ovis is known to differ sharply from C. diphtheriae by producing a filterable toxin which differs fundamentally from that of C. d@htheriae, although C. ulcerans and C. ovis share in common with this species characters recognized as biotypes.
The problems which arise are how much these species differ from each other (if it is justified to regard Corynebacteriurn ulcerans and C. ovis as species) and what causes the Di-tox+ gene to be expressed as a common character in such different hosts.
The present experiments confirm Howard & Jann's (1954) findings about the lack of activity of C. ulcerans phages on strains of C. diphtheriae and this favours Henriksen's (1955) view that C. ulcerans is a separate species of Corynebacterium.
However, in our experiments Corynebacterium ulcerans phages were able to form plaques in a few C. diphtheriue strains, but only in those strains possessing a wide phage-sensitivity. Our work raises yet another unanswered question, namely, do C. ulcerans strains carry both ulcerans and diphtheria phages?
Our earlier findings ) on diphtheria toxin induction in C. ovis which lead to the proof that the gene toxf can be expressed in Corynebacteria other than C. diphtheriae, has been accepted (Barksdale, 1970) . The present results confirm that the Ditoxf character may be more widely induced among species of the genus Corynebacterium. From this, the question arises : is the genetically determined capacity to produce diphtheria toxin dependent also on the host bacterial cell, or only on the phage type inducing the production of diphtheria toxin? Since these problems require further investigation, it seems possible that some of our findings, in particular the distinction between Corynebacterium ulcerans and C. ovis by means of phage typing and the mouse pathogenicity test, may prove of value.
